Study Objectives: Mandibular advancement devices (MADs) may not be acceptable for use in patients with obstructive sleep apnea (OSA) when dental and/or temporomandibular joint side effects are likely. Tongue-stabilizing devices (TSDs) are a potential alternative to MAD therapy. We aimed to document the outcome of TSD treatment at a single multidisciplinary sleep center.
INTRODUCTION
Obstructive sleep apnea (OSA) is a major public health problem that has been associated with long-term adverse health consequences including hypertension, metabolic dysfunction, and cardiovascular disease. 1 Nasal continuous positive airway pressure (nCPAP) has been the standard treatment for OSA for more than three decades, 2 while oral appliances (mandibular advancement devices [MADs] ) and tongue-retaining devices have been prescribed for patients with mild to moderate OSA and/or who fail to use nCPAP. 3, 4 In clinical settings, both sleep dentists and physicians often encounter patients for whom MADs are contraindicated even for mild OSA and nCPAP failure due to compromised dentition, severe periodontal disease, or temporomandibular joint disorders. 4 A tongue-retaining device that maintains the tongue in a protruding position by suction was first documented by Cartwright and Samelson in 1982. 5 The device can be recommended for OSA patients when MADs are contraindicated, although these devices are generally less common and less efficacious than MADs. [6] [7] [8] A tongue-stabilizing device (TSD) is a type of tongueretaining device that is now commercially available (Aveo-TSD, Innovative Health Technologies, New Zealand) (Figure 1) . [9] [10] [11] The great differences between the earlier design of the tongueretaining device reported in 1982 and the TSD are their design and fabrication. The tongue-retaining device is custom made from dental casts since the appliance entirely covers the upper and lower dental arches for appliance retention. Conversely, TSD is a preformed silicone appliance without dental coverage but still has the anterior bulb being retained in place only by tongue suction. 9, 10 Therefore, patients need no dental impression undertaken for TSD fabrication; it could be assumed that TSD has succeeded in reducing bulk in comparison with the original tongue-retaining device. Because of this simplicity, TSD was used to prevent snoring at temporary refuges after the earthquake and nuclear power plant accident in Japan in 2011. 11 Several studies have demonstrated that the TSD is as efficacious as a titratable oral appliance for improving OSA. 9, 10 The results of research and the advantage of its simplicity in the field suggest that the TSD may be underused in the treatment of OSA. However, to date, there have been no observational reports on its prescription, effectiveness, or tolerance in a clinical setting. The purpose of this study was to document patient flow and the outcome of TSD treatment at a single multidisciplinary sleep center. This is the first report of TSD use in a clinical setting.
METHODS

Patients
The protocol of this investigation was approved by the ethics committee of the Foundation of Sleep and Health Sciences, Tokyo, Japan. Figure 2 shows the flow of participants. The prospective recruitment of eligible patients was conducted over a period of 41 months (3 years 5 months) from August 2010, when the first TSD was prescribed at the Yoyogi Sleep Disorder Center, Tokyo, to January 2014. Patients who were indicated for oral appliance therapy after a diagnosis of OSA (n = 551) were referred to the sleep apnea dental clinic at the Yoyogi Sleep Disorder Center. This patient recruitment was also performed consecutively. Inclusion criteria were: Japanese of both genders who were diagnosed with OSA (apnea-hypopnea index [AHI] > 5 events/h) by initial overnight polysomnography (PSG) performed at the center; OSA patients for whom MADs were contraindicated because of severe periodontitis, insufficient number of teeth, denture use, and/or temporomandibular joint dysfunction. Both mild-to-moderate OSA patients who did not require nCPAP and moderate-tosevere OSA patients who failed to use nCPAP were included. Patients who met one or more of the following exclusion criteria were excluded: severe cardiovascular disease, medically complicated, or medically unstable. Patients who were prescribed monoblocs (ASO International, Tokyo, Japan) (n = 399), titratable oral appliances (SomnoDent, SomnoMed Japan, Japan) (n = 75), or custom-made tongue-retaining devices (ASO International, Tokyo, Japan) (n = 1) were also excluded. 12, 13 Consequently, 76 patients were prescribed a TSD during the study period. All of these patients agreed that their PSG results could be used for research purposes, and provided written informed consent with respect to the anonymous use of their data. 13 
Polysomnographic Evaluation
Episodes of hypopnea were determined based on the American Academy of Sleep Medicine criteria of a reduction in airflow amplitude ≥ 50% from baseline persisting for ≥ 10 s, or some level of reduction in airflow amplitude persisting ≥ 10 s with the presence of respiratory-associated arousal and/or oxygen desaturation ≥ 3% (Chicago criteria).
14 The severity of OSA was assessed in terms of AHI (mild [AHI ≥ 5 to < 15 events/h], moderate [AHI ≥ 15 to < 30 events/h], and severe [AHI ≥ 30 events/h]).
Tongue-Stabilizing Device
Detailed information on the TSD and its indications have been reported previously. 9, 10 Briefly, the tongue is inserted into the anterior bulb and sucked by the negative pressure generated by squeezing the bulb. Potential risks of the TSD include soreness and/or discomfort of the tongue, excessive saliva or dry mouth, and discomfort of the lips, teeth, and gums. 9, 10 Use of a TSD is associated with minimal side effects in the temporomandibular joint.
Figure 1-Tongue-stabilizing device (TSD).
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The TSD is a translucent, preformed silicon appliance (A). It is composed of three parts: a tongue holder (the lumen of the TSD), a negative pressure generator (a bulb at the tip of the socket), and two flanges (upper and lower parts of the socket). The tongue is inserted from this position (B). The frenulum of tongue is placed in a small notch in the bottom of the TSD (C) and the flanges are placed in front of the upper and lower lips. See also Deane et al. 9 for details. OSA, obstructive sleep apnea; TSD, tongue-stabilizing device; PSG, polysomnography.
Treatment of OSA with a Tongue-Stabilizing Device-Yanagihara et al.
Protocol and Treatment Outcome
A TSD was prescribed after the methods were explained in detail. Patients were advised to increase the suction level as necessary to maintain sufficient retention, or to decrease suction if they felt excessive discomfort on their tongue. A second overnight PSG was undertaken with the TSD in place when patients had used the TSD regularly and experienced subjective improvements in OSA symptoms, such as with regard to snoring, morning headache, or sleep quality. Changes in daytime sleepiness were evaluated with the Japanese version of the Epworth Sleepiness Scale (JESS). 15 Responders to TSD treatment were defined as patients who showed a reduction in AHI to < 5 events/h with a > 50% reduction in baseline AHI.
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Statistical Analysis
The normality of the data distribution was assessed using the Kolmogorov-Smirnov test. Paired t-tests were used to compare the differences in PSG variables between baseline and follow-up, whereas unpaired t-tests were used to compare the difference in each PSG variable between responders and non-responders. Sensitivity, specificity, and positive and negative predictive values were also assessed based on a 2 × 2 cross table that was used to investigate the effect of baseline AHI on the respondernonresponder distribution. Finally, in order to describe any differences in those patients who continued and who discontinued treatment (excluding subjects who were lost to followup), a univariate logistic regression followed by a multivariate logistic regression analysis was performed to investigate contributions to the likelihood of continuation of TSD therapy by incorporating gender, age, JESS, BMI, and baseline AHI. A p value of < 0.05 was considered to be statistically significant.
RESULTS
A total of 76 subjects were prescribed a TSD (Figure 2) . Thirty patients dropped out of TSD treatment within 2 months. Of these 30 subjects, 17 patients complained of tongue soreness and/or dry mouth and/or increased salivation and/or disturbed sleep due to irritation of the tongue and soft tissues. All 17 patients also complained that TSD came off easily. The remaining 13 patients were lost to follow-up. After 2 months, 5 patients dropped out because of the same reasons as the above 17 patients. Six patients stopped using TSD because of falling off (n = 3), appliance broken (n = 1), dental treatment required (n = 1), and decease (n = 1). In addition, there were 13 patients lost to follow-up and 6 patients who were acclimatizing to TSD.
Sixteen of the 76 OSA patients (7 males and 9 females) completed a follow-up PSG with a TSD in place ( Table 1) . The mean ± standard deviation (SD) of age, BMI, and JESS at baseline in these 16 patients were 63.6 ± 9.2 years, 24.0 ± 2.9 kg/m 2 , and 12.0 ± 5.3 points, compared to 64.6 ± 9.2 years, 24.1 ± 3.0 kg/m 2 , and 9.8 ± 4.8 points at follow-up PSG with a TSD in place. There were no significant changes in BMI or JESS throughout the study. TSD significantly reduced AHI (p < 0.01), 3% oxygen desaturation index (3%ODI) (p < 0.01), and respiratory event-related arousal index (p < 0.01), while no significant changes were seen in the percentage of total sleep time spent with percutaneous oxygen saturation less than 90% (SpO 2 < 90%), nadir SpO 2 , and arousal index (Figure 3) .
Among the 16 patients who completed a follow-up PSG with a TSD in place, there were 5 responders (31.3%) and 11 Values are expressed as the mean ± standard deviation. **p < 0.01 versus baseline. TSD, tongue-stabilizing device; AHI, apnea-hypopnea index; 3%ODI, 3% oxygen desaturation index; SpO 2 < 90%, percentage of the total sleep time spent with percutaneous oxygen sturation less than 90%; arousal index, respiratory event-related arousals and other arousals. Figure 3 -Effects of the tongue-stabilizing device (TSD) on the severity of OSA.
• 5 responders (a reduction in AHI to < 5 events/h with a > 50% reduction in baseline AHI), ○ 11 non-responders.
non-responders ( Table 2) . Among the responders, TSD treatment reduced 3%ODI from 11.0% ± 4.8% to 2.2% ± 1.6% (p = 0.04) and increased the nadir SpO 2 value from 84.2% ± 3.7% to 93.0% ± 1.6% (p = 0.03). No significant changes were found in the arousal index or the respiratory arousal index. In non-responders, TSD reduced AHI (p < 0.01), 3%ODI (p < 0.01), and the respiratory arousal index (p = 0.02). Moreover, the mean baseline AHI of non-responders (AHI = 25.3 ± 10.1 events/h) was significantly higher than that of responders (AHI = 14.2 ± 2.9 events/h) (p = 0.02). When the 16 patients were divided into a mild OSA group (baseline AHI < 15) and a moderate to severe OSA group (baseline AHI > 15 events/h), this cutoff value gave a sensitivity/ specificity and positive predictive value/negative predictive values of 0.60/0.90 and 0.75/0.83, respectively. Accordingly, 3 of 4 (75%) patients with mild OSA responded whereas only 2 of 12 (17%) patients with moderate to severe OSA responded to TSD.
A univariate logistic regression analysis revealed that continuation of TSD treatment was not associated with gender (odds ratio 
DISCUSSION
This is the first report to document TSD use in a single multidisciplinary sleep center. Of the 16 subjects who completed the protocol, only 5 patients had an AHI on TSD treatment that met criteria for an acceptable response used in previous reports.
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The treatment success rate with MADs has been reported to range from 19% to 57% when treatment success was defined as follow-up AHI < 5 events/h. 4 In 16 patients who completed follow-up PSG with TSD in place, the treatment success rate with a TSD was 31%, which was slightly better than the 22.7% reported by Deane et al. 9 under the same responder criterion. Therefore, we speculate that TSD could also be recommended for OSA patients for whom MADs are indicated. Lazard et al. 7 reported that the conventional tongue-retaining device provided a complete success (post-treatment AHI < 10) rate of 47% and a partial response (10 < follow-up AHI < 20 with > 50% reduction from baseline AHI) rate of 24%. Under the same definition of responder as Lazard et al., 6 the complete and partial response rates in our study were 75% and 12.5%, respectively. A balanced combination of positive predictive value and negative predictive value of 0.75/0.83 supports the notion that a TSD is efficacious, although the number of total subjects was limited.
By contrast, to authors' surprise, only 16 of 76 TSD users (21%) managed to complete the follow-up PSG with a TSD. Furthermore, based on the total number of 76 patients, only 7% (5 responders) had a successful outcome. We were greatly disappointed that 34% (26/76) of TSD users were gradually lost to follow-up and 29% (22/76) did not tolerate the appliance, although all of the patients were encouraged to regularly visit the outpatient clinic after appliance prescription. Since an additional logistic regression analysis demonstrated that continuation of TSD treatment was not associated with gender, age, JESS, BMI, and the severity of OSA at baseline, we speculate that the lower adherence may be due to the side effects, which included excess salivation, dryness of the mouth, and irritation of the tongue and soft tissues. These side effects have been previously reported by Deane et al. 8, 9 Dort and Brant reported that 45% 14 Other abbreviations are the same as in Table 1 . The AHI cut-off was set at 15 events/h. Abbreviations are the same as those in Table 1 . Sensitivity = 0.60, Specificity = 0.90, Positive predictive value = 0.75, Negative predictive value = 0.83.
of users indicated that they would continue treatment with a tongue-retaining device because their snoring was reduced. 6 While a TSD was likely to benefit OSA patients based on a balanced positive predictive value and negative predict value in this study (Table 3) , an unexpectedly higher percentage of intolerance and lost to follow-up within 2 months could be related to an attenuated risk-benefit profile. Therefore, modification of the appliance design to decrease subjective symptoms and discomfort of the tongue may be needed, while retaining the simplicity of the design. A TSD should still be considered in the treatment of OSA for individuals who cannot use either nCPAP or MADs. Pathophysiologically, the velopharynx is the major site of occlusion in patients with OSA. 16 A previous report demonstrated that a TSD improved velopharyngeal airway patency by a ventral displacement of the tongue. 10 Since simple tongue stabilization at a protruded position appears to produce ventral traction of the soft palate, even without mandibular advancement, 17 the connection between the tongue and the soft palate via the palatoglossus muscle could contribute to the favorable response. To increase the retention of the tongue in a protruded position, Dort and Brant attempted to narrow the base of the tongue bulb and succeeded in improving the respiratory disturbance index in OSA patients. 5 Dort and Remmers 17 further suggested that the efficacy of treatment improved when an anterior bulb was incorporated into a mandibular advancing splint. Tsuiki et al. 19 recently reported that holding the tongue in position would likely alleviate dorsal displacement of the tongue while sleeping in a severe OSA patient without protruding the tongue. Thus, an approach that focuses on controlling the tongue in position, rather than tongue protrusion, could be meritorious in oral appliance therapy while avoiding (1) the common dental/ temporomandibular joint side effects frequently seen with the use of MADs and (2) the irritation/soreness of the tongue in TSD therapy, leading to improving patients' adherence.
In conclusion, we have documented the outcome of TSD use in a single multidisciplinary sleep center. A TSD can be as efficacious as mandibular advancing splints, especially in patients with mild OSA, if they can tolerate the device. The high percentage of dropouts and/or loss to follow-up suggests that redesign or modification of the TSD design may be necessary to improve patients' adherence to therapy.
